Several factors which influence the translocation patterns of stem-injected indoleacetic acid, 2,4-dichlorophenoxyacetic acid, and 2,4,5-trichlorophenoxyacetic acid in bean seedlings (Phaseolus vulgaris L. cv. Stringless Greenpod) were characterized. The acropetal translocation of auxin from the site of injection is markedly sensitive to concentration in the range of 1.0 to 5.0 micrograms per plant. The antiauxin p-chlorophenoxyisobutyric acid enhanced translocation of 2,4,5-trichlorophenoxyacetic acid to the growing shoots and primary leaves. Translocation to the roots was unaffected by p-chlorophenoxyisobutyric acid while leaching of 2,4,5-trichlorophenoxyacetic acid into the nutrient solution was enhanced slightly. Steam girdling experiments revealed that translocation to the primary leaves was in the xylem. The protein synthesis inhibitor, cycloheximide, inhibited accumulation of 2,4,5-trichlorophenoxyacetic acid in young shoots, epicotyls, and roots and enhanced accumulation in the primary leaves. The relative exchangeability of auxin between xylem and phloem is discussed in terms of regulation of auxin movements in intact bean seedlings.
The strong basipetal polarity of transport of auxins and auxin-like compounds in isolated segments of stems, petioles, and coleoptiles is well documented in the literature (33) . It is generally conceded, however, that in isolated segments the vascular tissues are rendered inactive and polar auxin movement is predominantly through parenchymatous tissue. Acropetal translocation is generally considered to be diffusional in nature and of undetermined physiological significance (21) . The basipetal polar movement of auxin through isolated stem segments and coleoptile sections was proportional to IAA concentration in the donor block over a limited range only (11, 12, 29) . A logarithmic plot of the radioactivity accumulated in the receiver as a percentage of the net loss from the donor block shows a linear decrease in transport with increases in concentration (22) . Little and Blackman (19) provide the only information available concerning the effect of concentration on the translocation of auxins in intact plants. Increased formation regarding auxin translocation in intact plants is provided by studies of the distribution of foliarly applied synthetic auxins (7, 19, 30) . It has been demonstrated that the movement of auxins applied to the leaf of the intact plant is associated with the export of carbohydrates from the leaf (12, 28) . Eschrich (9) has recently provided evidence that '4C-labeled IAA applied to the primary leaves of young Vicia faba plants moved from the leaf and was distributed both acropetally and basipetally in the plant stems. Metabolites of IAA formed in the stem appeared to be immobile. Previous work established that the synthetic auxins 2,4-D and 2,4,5-T are translocated rather rapidly both acropetally and basipetally in bean seedlings when the auxins are injected into the stem below the cotyledonary node (4) . The direction and amount of movement was strongly influenced by the humidity under which the plants were treated (4) and, as indicated in a preliminary report (5) , by the concentration of applied auxin and by cycloheximide. The present study was undertaken to determine some of those factors which regulate the distribution of stem-injected synthetic auxins in intact bean seedlings.
MATERIALS AND METHODS
Bush bean (Phaseolus vulgaris L. cv. Stringless Greenpod) seeds were germinated in perlite moistened with Hoagland's nutrient solution for 5 days at 29 C under continuous fluorescent light of 500 ft-c. The seedlings were then transplanted to amber jars containing 400 ml of aerated one-half strength Hoagland's nutrient solution and grown for 3 days prior to treatment at 14 hr, 33 C days, and 10 basipetal translocation of 14C-label to the roots after 5-hr treatment was linear over the entire range of concentrations tested, and translocation to the nutrient solution appeared to be only slightly enhanced at the higher concentrations of 2,4, 5-T (Fig. 1C) . In contrast to polar basipetal transport in stem segments, basipetal translocation of 2,4,5-T was not inhibited even at relatively high auxin levels in bean seedlings.
The geometric increase in accumulation of "4C-label in the young shoots after 2,4,5-T treatment was repeated numerous times, and also this phenomenon was apparent in the acropetal translocation of 2,4-D and IAA (Fig. 3) . The response was not as pronounced for 2, 4-D and IAA and somewhat higher concentrations of IAA are required. The amount of auxin translocated acropetally represents as much as 25% of the total applied.
Effect of Stem Girdling on 2,4,5-T Translocation. In order to determine the extent of involvement of the xylem and the phloem in the translocation of 2,4, 5-T after stem-injection, the stems of bean seedlings were girdled in one of three locations. A girdle located below the cotyledonary node resulted in 2-to 3-fold increases in acropetal translocation of 2,4,5-T to the young shoots after 5-hr treatment (Fig. 4) . Accumulation of 2,4,5-T was slightly more in the primary leaves at the 3-,ug level but was unchanged at the 1-,ug level. No detectable radioactivity was recovered from the roots when the girdle was placed between the roots and the site of injection. The placement of a girdle above the cotyledonary node (the site of 2,4,5-T injection) and below the primary leaves also enhanced translocation to the young shoots, and accumulation of 2,4,5-T in the primary leaves also was increased with this treatment. A girdle placed above the site of injection blocked the translocation of label to the roots, suggesting that basipetal translocation from the point of injection was dependent upon the flow of assimilates in the phloem. Steam girdling between the primary leaf node and the young expanding first trifoliolate Figure 2 which shows that the ratio of 2,4,5-T translocated to the young shoots to the amount applied increased very rapidly up to treatment levels of 5 .tg per plant and then remained constant at the higher levels. The acropetal movement to the primary leaves increased linearly with the amount of 2,4,5-T injected into the plant (Fig. 1B) . leaf inhibited the accumulation of 2,4, 5-T in the young growing points. This treatment had little effect on the accumulation of 2,4, 5-T in the primary leaves and roots at the level of 1 jug per plant. This over-all pattern suggests that 2,4,5-T reached the primary leaves from the site of the injection via the xylem, whereas translocation of 2,4,5-T beyond the primary leaves and into the young shoots was via the phloem. The basipetal translocation of 2,4,5-T appeared to be correlated with the movement of assimilates in the active functioning phloem.
Effect of Antiauxin on 2,4,5-T Translocation. PCIB simultaneously injected along with 2,4, 5-T at the cotyledonary node had no effect on acropetal translocation of 2,4,5-T to the primary leaves and young shoots of beans when applied at low concentrations (Fig. 5, A and B ( Fig. 6B ), so that a large portion of the increase was due to the longer period of net accumulation in the primary leaves in the presence of cycloheximide rather than in increase in rate of accumulation. Cycloheximide decreased the basipetal translocation of 2,4,5-T to the roots, and accumulation in the nutrient solution was markedly inhibited by cycloheximide. These effects of cycloheximide are readily apparent in the autoradiograms of plants after 17 hr of treatment as shown in Figure 7 . Cycloheximide was more effective in altering 2,4, 5-T translocation patterns when the treatments were made to plants maintained in the dark before treatment and during 5 hr of the treatment period (Fig. 7B ) than to plants exposed to light prior to and during treatment (Fig. 7A) . Plants maintained in darkness prior to and during the entire treatment period translocated only small amounts of the auxin out of the treated area. In order to determine the most effective concentration range of cycloheximide, a second experiment was run in which the concentration of cycloheximide was varied from 0 to 8 jug per plant (Fig. 8) . A 50% inhibition of translocation of 2,4,5-T (15 ,ug per plant) to the growing points was achieved at rates as low as 0.5 ,ug of cycloheximide per plant (Fig. 8A) . At 2 ,ug of cycloheximide per plant there was a 2-fold increase in translocation of 2,4,5-T to the primary leaf (Fig. 8B) . The pattern of inhibition of accumulation of 2,4, 5-T in epicotyls (Fig. 8C) The response of 2,4,5-T translocation to the roots in the presence of cycloheximide was mixed (Fig. 8D) . Cycloheximide enhanced 2,4, 5-T translocation to the roots at concentrations up to 1 jug of cycloheximide per plant. At concentrations higher than this there was a gradual decrease of 2,4, 5-T accumulation in the roots. The data shown in Figure 6C , where only 5 ,tg of 2,4, 5-T per plant was used, indicate that at low levels of 2,4, 5-T the basipetal translocation was more sensitive to cycloheximide than at the high concentration of 2,4,5-T (15 ,ug per plant) shown in Figure 8D . This differential sensitivity to cycloheximide at low and high concentrations of 2,4,5-T was reproduced several times in subsequent experiments.
The data of Figure 9 show the effect of cycloheximide on basipetal translocation at very short intervals after treatment. Analysis of variance showed that simple linear regression curves, which are shown in Figure 9A , were the best fit for the data. This figure shows the accumulation of "4C-label in the lower portion of the plant after treatment with 0.5 ,ug of 2,4, 5-T both in the presence and absence of cycloheximide. Analysis of the curves in Figure 9A indicates that tact plants, the acropetal translocation of "4C-labeled, steminjected 2,4,5-T to young shoots appears to occur in the phloem or other living tissues as indicated by the girdling experiments and is very extensive in contrast to acropetal transport in excised segments. This translocation was promoted by transpirational water flow (4) and increased geometrically with increases in treatment concentrations throughout the low levels of 2,4,5-T. The geometrical increase in acropetal translocation with increases in treatment level may relate to processes which have physiological significance. One possibility is that this is a regulating mechanism whereby plants are able to maintain high levels of auxin in the young growing points and expanding tissue. As auxin is translocated basipetally out of the growing points it could concentrate in the stem tissue and thereby cause changes in permeability or other processes which would route the auxin back into the young growing tissue. The geometrical nature of the response would be ideally suited for such a regulating mechanism. The response appears to be fairly specific for the routing of auxin into the young tissue as deduced from the studies by Long et al. (20) , which showed that the acropetal translocation of common metabolites such as glucose and sucrose was not enhanced by auxin by the same magnitude as auxin itself. Eschrich (9) showed that a rapid acropetal movement of IAA-1"C label occurred in Vicia faba when leaves were treated with high concentrations of radioactive IAA. The movement was more rapid than phloem translocation and appeared to be the result of movement of two water-soluble, phloem-immobile IAA metabolites one of which was indoleacetylaspartic acid. Eschrich (9) suggested that the indoleacetylaspartic acid might act as a reservoir for excess IAA in the young growing tissue. Veen and Jacobs (36) showed that old coleus petioles translocated less IAA basipetally than young petioles and hypothesized that movement might be impaired in older petioles because of complexing of IAA. They found more degradation and more complexing of IAA with aspartate in older petioles up to a certain age and suggested that their hypothesis was confirmed to some extent. Veen (34, 35) also suggested the occurrence of an inducible auxin-conjugating enzyme operating in explants of coleus. The induction of this enzyme was concentration-dependent as was the conjugation of IAA and several synthetic auxins in pea stem segments as reported by Sudi (32) . In the present experiments acropetal translocation to the shoot apex was inhibited by cycloheximide indicating that translocation was dependent on protein synthesis. Acropetal translocation was measured at very short times after treatment, and 2,4, 5-T did not appear to be metabolized extensively in this system so that conjugation does not appear to be a mechanism responsible for the concentration-dependent enhancement of 2,4, 5-T translocation in these experiments. However, a part of the phloem translocation of 2 ,4, 5-T appeared to be induced as Figure 4 indicate that acropetal translocation occurred via both the xylem and the phloem, and that the auxin was transferred from the xylem to the phloem in order to reach the young shoots. This transfer could have occurred at the primary leaf node or even in the leaf petiole, but obviously very little auxin moved to the young shoots in the xylem above the primary leaf node. Thus the concentration-dependent factor in the translocation of auxin to the shoots could be the exchangeability between the xylem and phloem or loading of the phloem from the pith tissue of the stem. (Fig. 8C) without causing observable nastic responses. This suggests that in this system protein synthesis is a prerequisite of the auxin-induced cell elongation responsible for stem bending. Apparently, cycloheximide is readily translocated upward in the transpiration stream to the epicotyl and also out into the primary leaves. The presence of cycloheximide in the primary leaves is indicated by an inhibition of vein loading as revealed in the autoradiograms of Figure 7 . Starzyk and Mitchell (31) showed that cycloheximide was readily translocated from the roots up to the leaves of bean and cherry and rapidly moved out of the roots and stems when the plants were removed from the cycloheximide source. Lemin and Thomas (17) showed patterns of movement of cycloheximide in eastern white pine seedlings, which also suggested an apoplastic movement of cycloheximide in the transpiration stream. Since cycloheximide is translocated acropetally very readily, it is possible that the effects of cycloheximide on auxin translocation could have occurred not only at the site of injection but in the epicotyl and primary leaves as well.
There is strong evidence that short lived growth-limiting proteins are involved in the elongation responses illicited by IAA treatment in isolated plant tissue (6, 27) . Previous work showed that the incorporation of '4C-labeled amino acids into proteins and the auxin-induced elongation of isolated segments are inhibited by protein and nucleic acid synthesis inhibitors (1, 10, 16, 25) . Cycioheximide is a poLent innmolLor ot protein synthesis, which has been shown to marKediy reduce the auxin-induced elongation responses in etiolated pea (2) , sunflower (24) , and lupin hypocotyls (2/), and Avena coteoptiles (6) . Cycloheximide also inhibits the conjugation of IAA with aspartic acid and markedly increases free (methanol-soluble) IAA in subapical portions of pea stem (15) . lIhe involvement of carrier proteins with auxin transport has been suggested (13, 18, 26) , and it seemed important to determine the influence of a protein inhibitor such as cycloheximide on the translocation patterns of 2,4,5-T in intact bean seedlings. Translo 
